We performed a cross-sectional survey in humans to evaluate Lutzomyia longipalpis, i.e. sand fly vector, bite exposure association with Leishmania (Leishmania) infantum chagasi infection in Bujarú municipality, Northern Brazil, an endemic area for visceral leishmaniasis. In recruited individuals, which were stratified by sex and age, we measured L. (L.) i. chagasi parasitic loads with quantitative polymerase chain reaction (qPCR), exposure to sand fly bites with an anti-saliva immunoglobulin G enzyme-linked immunosorbent assay and performed immunological diagnostic tests, in order to evaluate the association between exposure to sand fly bites, and infection. The prevalence increased from 11% when using immunological diagnostic tests to 28% when using qPCR, being around that value for all age classes, but children below 5 years (40%) and people over 60 years (15%). The association between PCR-based L. (L.) i. chagasi prevalence and saliva exposure was convex, reflecting the fact that at both high and low saliva exposure the PCR-based L. (L.) i. chagasi prevalence decreases. This scenario indicates that low sand fly exposure is likely associated with low parasite transmission, while high anti-saliva prevalence, i.e. a large sand fly bite exposure could be associated with anti-Leishmania protective immune mechanisms driven by vector saliva and/or increased parasite exposure.
I N T R O D U C T I O N
Visceral leishmaniasis (VL) is a systemic protozoan infection caused by intracellular Leishmania parasites. An estimated 500 000 VL cases occur annually, over 90% of which are concentrated in the Indian subcontinent, East Africa and Brazil (Desjeux, 2001 (Desjeux, , 2004 . Three species of Leishmania belonging to the L. donovani complex, cause VL throughout most of its distribution; Leishmania (Leishmania) donovani and L. (L.) infantum in the Old World and L. (L.) infantum chagasi in the New World (Lainson and Shaw, 2005) . In the New World, the most important vector is the sand fly Lutzomyia longipalpis (Diptera: Psychodidae) (Salomón et al. 2015) .
VL was confined to rural areas in North-Eastern Brazil until the early 1980s. However, over the past 30 years increasing levels of transmission have been recorded in peri-urban and even fully urbanized areas, including large cities in geographically distant parts of the country. This trend is most likely facilitated by large-scale migration of extremely poor populations to the cities where unplanned shanty-towns accommodate people and domestic animals under crowded and unhygienic conditions (Maia-Elkhoury et al. 2008; Harhay et al. 2011) . Crucial to the spread of disease is the fact that Lu. longipalpis, the main sand fly vector of VL is highly adaptable to modified peri-urban and urban settings (Costa, 2008; Amora et al. 2010; Saraiva et al. 2011) .
Infections with L. (L.) i. chagasi in humans can result in variable conditions ranging from asymptomatic cases through subclinical infections to classic VL. The prevalence of asymptomatic carriers in endemic areas is highly variable. The use of more than one technique increases the number of asymptomatic cases detected and allows their classification into sub-groups (Michel et al. 2011) . In Brazil, the Leishmanin skin test (LST), specific to the type of cell-mediated response (DTH, type IV hypersensitivity) has been used to detect L. (L.) i. chagasi infection in endemic areas; as well as enzymelinked immunosorbent assay (ELISA) and indirect fluorescent antibody test (IFAT) are also commonly for detecting specific anti-Leishmania antibodies. In more recent studies, Leishmania-specific polymerase chain reaction (PCR)-based diagnostics are increasingly being used (Garcia et al. 2004) .
Levels of exposure to sand fly bites can be estimated by monitoring the seroconversion to sand fly saliva. Experimental studies in animal models have shown that repeated exposure to sand fly bites induces sand fly species-specific anti-saliva antibodies detectable by ELISA and Western blot (Volf and Rohoušová, 2001) . Similarly, the presence of antibodies to sand fly has been documented in humans naturally exposed to sand flies bites ; and a positive association between anti-saliva immunoglobulin G (IgG) response and cell-mediated response to Leishmania was also noted (Barral et al. 2000; Gomes et al. 2002) .
Here, we present results from a cross-sectional epidemiological survey in the human population from an endemic rural VL from Brazilian Amazon region. In the recruited individuals, we measured L. (L.) i. chagasi parasitic loads, exposure to sand fly bites (measuring anti-saliva IgG antibodies) and performed classical diagnostic tests, in order to evaluate the association between exposure to sand fly bites, L. (L.) i. chagasi infection and clinicalimmunological profiles, in a population stratified by sex and age. So, this study helps to understand VL transmission ecology, especially when linked with epidemiological data on the infection patterns of a human population.
M A T E R I A L S A N D M E T H O D S

Study area
This study was carried out in Bujarú municipality, Pará State, Brazil. The climate is typically tropicalequatorial, with an average temperature of 28°C and high humidity. The annual rainfall in the region is around 2500 mm, the rainy season spanning from January to June. Following extensive destruction of the primary forest, the area now consists mainly of plantations, with fragmented patches of developing secondary forest. Our field survey was conducted from March to May (2012) . This period coincides with the highest abundance season (January-May) for Lu. longipalpis, the vector of L. (L.) i. chagasi in this region, also the most abundant sand fly species in the area (Lainson and Rangel, 2005) . In March-May of 2011, we estimated a 13% prevalence of L. (L.) i. chagasi infections in humans (F.T. Silveira, personal communication, 2012) .
Cross-sectional survey
Individual enrolment in the survey was comprehensive among the different villages, and representative of age groups and gender composition of Bujarú. We enrolled a total of 414 individuals belonging to 107 families. Venous blood (5 mL) was drawn by a qualified clinician from all individuals. Four drops were blotted on filter paper, which was used for PCR tests, and the rest of the blood was kept in a tube for separation of sera for anti-L. (L.) i. chagasi IFAT and anti-Lu. longipalpis saliva ELISA. LSTs were also performed and monitored after 72 h. From the original 414 samples determining levels of anti-saliva antibodies, the test could not be performed on 15 samples since there was not enough serum to test. For 69 individuals the age was not recorded, due to lack of consent. Thus, most of the subsequent analyses will be based on the 332 individuals for which there were no missing data about age or anti-saliva antibodies.
Ethical clearance
Informed consent was sought and obtained from all persons volunteering for the studyor parents of minors participating. This study was approved by the Ethics Committee for human research of the São Paulo University Medical School under protocol number #184/12.
Diagnostic tests
Clinical exam.
All individuals presenting any positive immunological reaction, either LST or IFAT, were clinically examined in order to identify any signs and/or symptoms of VL. The subclinical oligo-symptomatic cases were followed-up during 6 months to confirm their spontaneous clinical resolution. The clinical-immunological profile of infection was based on semi-quantitative analysis with scores varying from + to ++++, as described by Crescente et al. (2009) .
Leishmanin Skin Test.
The LST was performed using cultured stationary phase L. (L.) i. chagasi promastigotes (MCAO/BR/2003/M22697/Barcarena, PA, Brazil). Promastigotes were fixed using 0·01% Merthiolate ® solution. LSTs were performed by intradermal injection of 0·1 mL antigen (10 7 parasites mL −1 ) and reactivity was scored 72 h thereafter (Crescente et al. 2009; Silveira et al. 2010 ). An induration of ≥16 mm diameter at the site of injection was assigned a score of ++++, strongly positive (13-15 mm) +++, moderately positive (9-12 mm) ++, and weakly positive (5-8 mm) +. This test has been proved as highly specific and sensitive, 100%, for immune responses against L. (L.) i. chagasi associated with CD4+ Th1 cells (Silveira et al. 2010) .
Indirect fluorescent antibody test.
Small sections of L. (L.) infantum chagasi-infected hamster spleen or liver were used to do imprints in multi-well IFAT slides. After dry the imprints were fixed in acetone for 15 min; and then they were washed in phosphate buffered saline (PBS) followed by incubation at 37°C for 30 min with test sera (in serial dilution starting at 1/40 in PBS). After PBS washing, the slides were incubated with anti-human IgG-FITC (Sigma Aldrich, USA) diluted 1/100 (Lima et al. 2003) . Followed by another washing, the slides were mounted with glycerin and the reaction was assessed using fluorescence microscopy. Based on the intensity of fluorescence serological titres (IgG) with 80-160 and 320-640 received + and ++ and those with 1280-2560 and 5120-10 240, +++ and ++++, respectively. This test has a reported sensitivity of 96% and specificity of 100%, when used against a gold standard of parasite observation (Lima et al. 2003) .
Sand fly bite exposure ELISA To measure sand fly bite exposure, the level of anti-Lu. longipalpis saliva antibodies was evaluated. Lutzomyia longipalpis is the dominant species, and the main vector responsible for L. (L.) i. chagasi transmission, in peri-domestic environments in the study area. Sand fly bite exposure was evaluated by ELISA according to the method described by Rohousova et al. (2005) , with a few changes. Briefly, microtitre plate wells (High binding, Nunc) were coated with Lu. longipalpis salivary gland lysate (60 ng of protein in 20 mM carbonatebicarbonate buffer, pH 9·6) overnight at 4°C. The wells were then washed in PBS with 0·05% Tween-20 (PBS-T) and incubated with 10% skimmed milk powder in PBS for 60 min at 37°C to block free binding sites. Human sera were diluted 1:50 in PBS-T, and incubated in duplicates 90 min at 37°C. Wells were incubated with peroxidase-conjugated anti-human IgG secondary antibody (Sigma Aldrich, USA) at a 1:2000 dilution for 45 min at 37°C and revealed using tetramethilbenzidine (TMB) (Becton Dickinson Bioscience, USA). The 2N sulphuric acid solution was used to stop the reaction and the absorbance was measured using an ELISA reader at 450 nm. We also performed this test to 47 individuals from São Paulo, Brazil, a non-endemic area for VL, which were used as controls. In this external population, 30 individuals have never been to areas with sand flies, and 17 have been exposed to sand flies' bites during their life time. Among the later, 10 samples were from volunteers exposed to Lu. longipalpis bites for feeding laboratory reared Lu. longipalpis females, at least once a month for more than 1 year, while all the other seven positive controls recalled being bitten by sand flies.
Real-time PCR
Quantitative PCR (qPCR) was based on the minicircles kinetoplast DNA (Nicolas et al. 2002) . DNA was extracted using a Promega DNA extraction kit, from the blood samples eluted from the filter papers, Whatman 3MM (GE Healthcare Life Sciences, USA). An RT-PCR for k-DNA was performed for each sample using the Chromo 4 (Bio-Rad, CA, USA) with the Dynamo HS, SYBR green qPCR kit (Finnzymes, Thermo Fisher Scientific, USA). Primers JW11 (5′-CCTATTTTACACCAACCCC CAGT-3′) and JW12 (5′-GGGTAGG GGCGT TCTGCGAAA-3′) were used to amplify a 120 bp fragment of the kinetoplast minicircle as described elsewhere (Abbasi et al. 2013) . The specificity of the PCR is 92%, while its sensitivity is differential according to the parasitic loads, 59% for loads of 1-10 parasites µL −1 , 85% for loads between 11 and 100 parasites µL −1 , 96% for loads 101-1000 parasites µL −1 and 100% for loads above 1000 parasites µL −1 , where loads over 100 parasites µL −1 correspond to loads of patients where direct parasite observation is reliable (Abbasi et al. 2013) .
Statistical analysis
Seropositivity for anti-Lu. longipalpis saliva antibodies (Sand fly saliva exposure).
To assign individuals as seropositive or seronegative we employed a mixture model (Calzada et al. 2015) . This model is used to estimate parameters for two distributions, i.e. one for seropositive and one for seronegative individuals, which are assumed to get mixed and be represented by the overall distribution of optical densities measured for an ELISA test (Calzada et al. 2015) . A threshold for seropositivity can then be obtained by estimating the 99·99 percentile of the distribution for seronegative individuals, which is computed by adding three times the S.D. to the mean of the distribution with the lowest mean, which is the one assumed for seronegative individuals (Calzada et al. 2015) . The thresholds found with the mixture model were then further evaluated with the positive and negative controls from São Paulo, which were not considered when fitting the model.
PCR-based prevalence as a function of age and sand fly saliva exposure.
Data for individuals with complete information (n = 332) were summarized by groups that correspond to deciles in the age distribution of the studied population. The resulting data were then analysed using a linear regression (Faraway, 2004) , where the PCR prevalence was a function of the median age in each age decile and the prevalence of exposure to sand fly saliva.
Leishmania parasitic loads as a function of age, sex and sand fly saliva exposure.
Data for the parasitic loads from each individual were analysed as function of their age, sex and exposure to sand fly saliva. For saliva exposure we considered a model that used a categorical covariate: saliva exposed/unexposed and compared it with a model that used the raw optical density data from the saliva exposure ELISA test. We choose the best model based on the minimization of the Akaike information criterion (AIC) (Faraway, 2004) . The AIC is a metric based on the trade-off between goodness of fit and parameter number in a statistical model (Faraway, 2004) . Since parasitic loads are counts, and data came from individuals who belonged to a set of families, thus making the data not fully independent (Chaves, 2010) , we used a Poisson generalized linear mixed model, i.e. a Poisson GLMM (Finch et al. 2014) to account both for the count nature of the data and the lack of independence, using families as a random factor in the analysis. The Poisson GLMM was fitted using the Laplace approximation for maximum likelihood (Bolker et al. 2009 ).
Association between leishmaniasis clinical condition, leishmaniasis diagnostic tests, sand fly saliva exposure and sex.
Data on seropositivity to sand fly saliva, IFAT, LST, parasite presence (PCR positivity) and sex, were studied for their association with different leishmaniasis clinical conditions. Given the categorical nature of the data (individuals being positive or negative, males or females), we performed a multiple correspondence analysis to depict the association between the different tests.
In this multivariate statistical method, a data matrix is created where each row corresponds to data from a given individual. This matrix is then subjected to a singular value decomposition, which allows the representation of the association into a plane by projecting the original data into the two vectors with the largest singular values (Venables and Ripley, 2002) . In this analysis, centroids for the levels of the different categorical variables can be plotted into the plane, and their proximity is a measurement of their association, which is strongest as levels from a category are close together but far apart from the origin of the plane, i.e. when the abscise and ordinate axes equal 0, the point where randomly associated variables are expected to appear (Venables and Ripley, 2002) . 
The clinical-immunological profile was based on semi-quantitative LST and IFAT considering an indirection area ≥5 mm and 1/80 titre, respectively, as positive cut-off for immunological tests according to Crescente et al. (2009) , where: AI, asymptomatic infection (LST+/++++ and IFAT−); SI, symptomatic infection and SOI, subclinical oligo-symptomatic infection (LST− and IFAT+++/++++); SRI, subclinical resistant infection (LST+/++++ and IFAT+/++); and III, initial indeterminate infection (LST− and IFAT+/++). PCR, polymerase chain reaction used to search Leishmania DNA in peripheral blood.
at least one immunological test and 368 were negative for both of them, reflecting a prevalence of 11%. Considering an induration of >5 mm diameter. for LST and 1/80 titre for IFAT, as positive cut-off criteria for immunological tests, we observed a prevalence of 7·5% for asymptomatic infections (AIs), 0·2% for subclinical oligo-symptomatic infections (SOIs), 1·1% for subclinical resistant infections (SRIs) and 2·2% for initial indeterminate infection (III). During the survey conducted from March to May 2012 no symptomatic AVL cases were recorded. PCR results indicated that 27·6% of the volunteers were infected with L. (L.) i. chagasi. In addition, many individuals from endemic areas negative for clinical signs, LST and IFAT (healthy group) were positive by PCR (100/368).
Distribution of anti-Lu. longipalpis saliva antibody titres
To assign individuals as seropositive or seronegative for anti-saliva antibodies we used data from 399 individuals. Figure 1 shows the distribution of the optical densities employed for this analysis, of which 350 were seronegative and 49 seropositive, roughly indicating a 25% seroprevalence of anti-saliva antibodies. Regarding the external controls, we found that all unexposed individuals (n = 30) were classified as unexposed to sand fly saliva, i.e. a specificity of 100%, while one sand fly saliva exposed individual (n = 17) was classified as unexposed, the rest of the individuals being properly classified as exposed to sand fly saliva, i.e. a sensitivity of 94·1%. The false negative was from a positive control involved in blood feeding Lu. longipalpis sand fly colonies.
L. (L.) i. chagasi DNA and anti-Lu. longipalpis saliva IgG positivity in different age groups Figure 2 shows the L. (L.) infatum chagasi prevalence as a function of age. In general, it can be seen that only at extreme young (below 5 years) and old (above 60 years) ages the prevalence is different from all other age groups which fluctuates around 28%. For extreme young ages, the prevalence is higher (∼40%) and for old ages (above 60) is lower at around 15%. A similar pattern is shown in Fig. 3 for the prevalence of sand fly bite exposure, yet values are smaller than those recorded for parasite prevalence for the same age groups.
Association between L. (L.) i. chagasi DNA and anti-Lu. longipalpis saliva IgG Figure 4 shows the association between the PCRbased L. (L.) i. chagasi prevalence and exposure to sand fly bites (anti-saliva seropositivity). The association is convex, reflecting the fact that at both high and low anti-saliva seroprevalence the PCR-based L. (L.) i. chagasi prevalence decreases. The nonlinear Fig. 1 . Histogram for the optical density (OD) distribution of the anti-Lu. longipalpis saliva antibodies. The blue line indicates the fitted distribution for negative individuals, estimated using a mixture model. The vertical green line indicates the 95 percentile of the negative distribution, which is used as a threshold, i.e. an OD above 44·83, to assign individuals as seropositive for saliva antibodies when their OD is above the threshold. Black dots are the ODs of negative control individuals from São Paulo, Brazil never exposed to sand flies, while red dots are the ODs positive control individuals from São Paulo, Brazil exposed to sand fly bites. The y axis is the probability density for the antibody ODs in the x-axis. relationship of L. (L.) i. chagasi parasite prevalence with age ( Fig. 2) , where around 10 years of age parasite prevalence reduction with age seemed to change its rate in a disruptive fashion, can be modelled using a hockey stick function, HSF (Faraway, 2004) . Briefly, with a HSF one parameter is estimated for points below a tipping point (here 10 years), and one for points above the tipping point (i.e. 10 years), the two curves joining at the tipping point (i.e. 10 years). Technical details about the construction of HSF are explained in detail by Faraway (2004) and elsewhere (Chaves et al. 2012) . The relationship between parasite prevalence and saliva exposure was convex (Fig. 4) , which suggested the use of a 2nd degree polynomial to describe the association. Table 2 shows the results of the linear regression of parasite prevalence as function of age and sand fly saliva exposure. This model explained 82% of the variability in the data (R 2 = 0·82; F 4,7 = 8·074, P < 0·00925). In the model, parameter estimates suggest a slight change in the parasite prevalence rate around 10 years of age, the small change suggest that age patterns presented in Figs 2 and 3 is likely mainly driven by a differential exposure to sand fly bites. The negative parameter for the squared term in the second degree polynomial, suggests that parasite prevalence increases with the exposure to sand fly bites/saliva until reaching a maximum, above which parasite prevalence decreases with sand fly exposure.
L. (L.) i. chagasi blood parasitemias as a function of anti-Lu. longipalpis saliva IgG optical density Figure 5 shows L. (L.) i. chagasi blood parasitaemias as a function of the anti-Lu. longipapis saliva Ab titres (ELISA). It can be seen that, in general, parasitaemias decreased with higher titres of anti-saliva Abs, and that positive individuals for parasitic infections were more likely to be non-reactive to sand fly saliva. The Poisson GLMM analysis (Table 3) indicates that males were likely to have 3·4 times more parasites than females, that mean parasitaemias decreased by about 1% with each year of age and that parasitaemias of individuals exposed to sand fly saliva were reduced by 75% when compared with unexposed individuals. This model minimized the AIC (AIC = 5263) when compared with a model that used optical density from the saliva ELISA as covariate (AIC = 5303). 
The 2 indicates the square of a covariate. LHS and RHS, indicate the Left Hockey Stick (which is equal to age when it is below 10 years of age, 0 otherwise) and Right Hockey Stick (which is equal to age when it is above 10 years of age, 0 otherwise) function of age. *Statistically significant (P < 0·05).
Multiple correspondence analysis considering clinicalimmunological profile and diagnostic tests for L. (L.) i. chagasi infection Figure 6 shows the results of a multiple correspondence based on the 292 individuals for which information on all tests was available. The figure shows that in general the lack of clinical signs, sex, seropositivity for anti-saliva antibodies were associated in a fashion not different from what is expected by random. In contrast, individuals who tested positive in the DTH/LST tests were likely to show AI clinical-immunological profile, while individuals who test positive for IFAT were associated with III and SOI clinical-immunological profiles. Finally, individuals with SRI clinical-immunological profile were likely to be positive by either DTH/LST or the IFAT test. 
Family variance 5·292
In this model the family (n = 95) to which individuals (n = 332) belonged was considered as a random factor. *Statistically significant (P < 0·005). were considered, LST and IFAT showed a prevalence of 7·5% for AI, 0·2% for SOI, 1·1% for SRI and 2·2% for III, similar to what has been previously observed in the study area (Silveira et al. , 2010 . In addition, from 414 individuals evaluated, 46 showed at least one positive immunological test reflecting in a total prevalence of 11%. However, according to PCR positivity, L. (L.) i. chagasi infection prevalence was 27·6%, some 16% higher, highlighting the frequent occurrence of totally AIs, so these results confirmed the high sensitivity of PCR for diagnosis of leishmaniasis. Our results showed that PCR is a good test for diagnosis of infection, since it detects cases without any apparent clinical signs and immune reaction (Solano-Gallego et al. 2011) .
In relation to L. (L.) i. chagasi prevalence as function of age, it can be seen that only for extreme young (below 5 years) and old (above 60 years) age groups the prevalence is different from all other age groups, which fluctuate around 28%. For extreme young ages, the prevalence is higher near to 40% and for old ages (above 60) is lower at around 15%. This scenario indicates endemic transmission, with higher prevalence in young children and low prevalence in old people, but the nearly constant prevalence in age groups corresponding to the economically active population, which in the area has a large proportion of 'economic' migrants, i.e. people who moved for jobs and now reside into the area permanently (Prothero, 1965; Wijeyaratne et al. 1994; Confalonieri et al. 2014) .
These results suggest that migrants into the area are highly exposed to L. (L.) i. chagasi infections and might account for the flat prevalence observed for these age groups (Anderson and May, 1991) , as is commonly observed when a pathogen newly invades an area, or when a new susceptible population arrives to an endemic area Kaneko et al. 1998 Kaneko et al. , 2014 . This possibility is re-enforced by the similar pattern observed for the prevalence of sand fly bite exposure, which indicates endemic transmission, showing higher prevalence in young children and low prevalence in old adults (Anderson and May, 1991; Calzada et al. 2015) , with a flat prevalence for age groups corresponding to the economically active population, which has a high proportion of migrants in our study area (Confalonieri et al. 2014) .
The convex relationship between L. (L.) i. chagasi prevalence and sand fly saliva exposure likely indicates the following scenarios: (i) at low saliva prevalence, little sand fly bite and parasite exposure, therefore there is no transmission and no parasites are detected by PCR; and (ii) at high saliva prevalence, a lot of exposure, likely resulting on immune protection from both the saliva and exposure to the leishmanial parasites, confirming what was already suggested by the data of L. (L.) i. chagasi PCR positivity as function of Lu. longipalpis saliva IgG positivity and is expected from mathematical models for leishmaniasis transmission (Chaves and Hernandez, 2004; Chaves et al. 2007; Reed et al. 2016) . Moreover, studies in endemic VL areas also suggest that natural exposure to uninfected phlebotomine bites could influence the epidemiology of the disease. The convex relationship between exposure and parasitic prevalence is similar to what has been observed in other vector-borne diseases like malaria where exposure and parasitic loads have a similar correlation pattern (Ofulla et al. 2005; Chaves et al. 2009 ). Vinhas et al. (2007) suggested that Lu. longipalpis exposure elicited a high sand fly saliva antibody response in humans exposed to bites over long periods of time, and that re-exposure caused significant increase of antibody levels; as it was also demonstrated by other authors that anti-saliva immune responses are dose-dependent (Hostomska et al. 2008) . However, Leishmania spp. infections in mice that got repeatedly exposed to infective bites and that had high levels of anti-saliva antibodies, showed some protection against Leishmania spp. infection following short-term exposure to infective bites (Rohoušová et al. 2011) . It is also worth mentioning that Valenzuela et al. (2001) showed that sand fly salivary proteins were able to protect vaccinated mice challenged with parasites plus saliva, because the vaccine produced both intense humoral and delayed-type hypersensitivity (DTH) reactions. However, B cell-deficient mice immunized with the plasmid vaccine successfully controlled Leishmania infection when injected with parasite plus saliva. These results indicate that DTH response against saliva provides most or all of the protective effects of this vaccine and that salivary gland proteins or their cDNAs are viable vaccine targets against leishmaniasis (Valenzuela et al. 2001 ). This result is strong evidence that saliva-specific T cells producing IFN-γ, in the form of a DTH reaction at the bite site, is likely the major protective response against Leishmania spp. parasites (Gomes and Oliveira, 2012) .
The increased odds of infection and parasitic loads in males over females could reflect differential patterns of exposure, like observed in the epidemiology of the leishmaniasis in the New World (Christensen et al. 1983; Matlashewski et al. 2011; Alvar et al. 2012) , but further epidemiological studies assessing the occupation of individuals are necessary to better understand whether gender differences are related to differential parasite exposure.
The multiple correspondence analysis considering the clinical-immunological profile and diagnostic tests for L. (L.) i. chagasi infection showed a lack of association between clinical signs, sex, seropositivity for anti-saliva antibodies. This result suggests that clinical symptoms of VL are unlikely to be associated with sand fly saliva exposure. In contrast, individuals who tested positive in the LST tests were likely to show AI, while individuals who test positive for IFAT were associated with III and SOI. However, individuals with SRI were likely to be positive by either LST or IFAT test. Thus, classical diagnostic test like as LST and IFAT are associated with specific clinical VL manifestations, highlighting the usefulness of these diagnostics for clinical management of VL patients (Crescente et al. 2009; Silveira et al. 2010) .
Finally, our results suggest that increased exposure to sand fly saliva and/or parasites could be associated with anti-Leishmania protective immune mechanisms. One possible way to better understand the role of sand fly bite exposure would be by measuring domiciliary and peridomiciliary sand fly abundance, since sand fly abundance has been associated with leishmaniasis prevalence not only at the household level (Saldaña et al. 2013) , but also at regional geographical scales (Anderson et al. 2011; Chaves et al. 2014; Yamada et al. 2016 ). 
